pensated inadequately, and offers fertile ground for increasing litigation with a subsequent escalation of costs (Alleyne, 1989) . Even though precise monetary costs cannot be attributed to the auditory effects of noise, it is acknowledged that noise induced hearing loss negatively affects the quality of life and personal safety for individuals and for those interacting with them (Gasaway, 1985; Hetu, 1987; USDHHS, 1990) . The role of noise in cardiovascular and stress related diseases has not been clearly explicated. If it is in fact a contributor, these conditions generate very high health care costs, and in the case of job stress, increasing workers' compensation costs.
As previously indicated, high noise levels cause hearing loss and are reported to cause physiological and psychological stress reactions, but exposure to deleterious noise cannot be eliminated. Therefore, it is important to understand the mechanisms involved in noise and hearing, the regulations regarding exposures, and the means available to prevent harmful effects. The following discussion provides that information, plus a description of the important role occupational health nurses can play in preventing negative effects from noise exposure.
ANATOMY AND PHYSIOLOGY Noise-Induced Hearing Loss
The Figure depicts the anatomy of the ear. A brief, simplified description of the physiology of hearing follows. Sound waves enter the ear canal and are transmitted through the vibrating ear drum to the middle ear. The three bones in the middle ear (malleus, incus, and stapes) amplify these vibrations and pass them to the cochlea. In the cochlea, 15,000 to 30,000 hair cells are individually tuned to different frequencies of sound (Kryter, 1994; Figure: Cross-section of human ear. From Berger (1986) . Reprinted with permission. Meyerhoff, 1992) . These hair cells and the 30,000 nerve fibers to which they are attached function together to send messages to the brain about sound. With aging, hair cells-particularly those for the higher frequencies of sound (6,000 Hz and greater)-become less functional. Continued exposure to high noise damages and eventually destroys the hair cells. The cells for the high frequencies are the most susceptible. During high intensity, explosive noise, hair cells can be tom from the membrane in which they normally rest. With explosive noises or continuing exposure to high noiselevels, ultimately even the nerve fibers disappear (Berger, 1986) .
As with most hazards, there is variability among individuals in the dose of noise required to cause damage to the hair cells. Once these hair cells are destroyed,they cannot be regenerated or replaced, making noise induced hearing loss an irreversible impairment. Hearing aids may be prescribed to assist with amplifying the sound, but they do not restore hearing to its previous level. Thus, prevention of noise induced hearing loss requires reduction in exposure to high levels of noise at work and outside work.
Non-Auditory Effects
Noise is a stressor capable of producing both physiologic and psychologic stress responses stimulating the neuro-endocrine system. This stimulation has effects on multiple body systems. One effect of this neuroendocrine response is an increase in blood pressure and heart rate.
Results of the few worksite research studies about noise effects on blood pressure have had inconsistent results. Talbott (1985; , Zhao (1993) , and Lusk (1996b) found an association between noise exposure and hypertension, but Hirai (1991) , Kent (1986) , and Wu
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(1987) did not. However, taken as a whole, the evidence suggests that noise is directly related to increased cardiovascular reactivity. The long term effects of noise exposure on the cardiovascular system in humans have not yet been determined.
Studies of other body systems have shown deleterious effects of noise on immune function (Weisse, 1990) , gastric mucosa (Bergmann, 1990) , levels of stress (Breier, 1987; Linden, 1991; Topf, 1988) , psychological tension (Ising, 1980; Kryter, 1990) , serum cholesterol levels (Axelsson, 1985) , injuries (Moll van Charante, 1990) , and health complaints (Lusk, 1996b) .
OSHA MANDATED HEARING CONSERVATION PROGRAMS
The ). However, many other workers, such as construction workers and agricultural workers, are not covered by these programs. Under OSHA's general duty clause requiring provision of a safe and healthful workplace, employers are required to provide hearing protection for workers when in high noise levels. However, if a comprehensive program which includes monitoring of noise levels is not in place, it is easy, in reality, to overlook the potential need for use of hearing protection devices.
NIOSH is currently preparing "Criteria for a Recommended Standard: Occupational Noise Exposure" (Berger, 1996; Staff, 1996) . Following revisions based on testimony and public comments solicited regarding the Draft during summer, 1996, the final Criteria Document (CD) will be forwarded to OSHA as the basis for recommended standards. This CD proposes changes in several aspects of the current OSHA Standard. Therefore, if/when it is implemented, specific requirements are likely to change. Unless specifically noted, the following descriptions are of the current Standard and Hearing Conservation Amendment and do not include proposed changes. Because the content of the NIOSH CD has not been determined yet, it would be premature to provide detailed descriptions of the proposals.
Permissible Exposure Level
This portion of OSHA's current noise standard specifies maximum permissible exposure levels (PEL). This time weighted average (TWA) means that the noise exposure level may be raised by 5 (dB) each time the duration is cut in one half. So 90 dB (A) is permitted for 8 hours, 95 dB (A) for 4 hours, 100 dB (A) for 2 hours, 105 dB(A) for I hour, 110 dB(A) for 30 minutes, and a maximum level of 115 dB (A) is permitted for 15 minutes (Suter, 1993). In the proposed NIOSH CD, the "exchange rate" is 3 dB rather than 5 dB, so that for each 3 dB increase in noise, the duration would be cut in half (NIOSH, 1996) .
Engineering or Administrative Controls
According to the existing Walsh-Healey Noise Standard, engineering or administrative controls must be used to insure noise levels do not exceed the PEL. However, the requirement for engineering controls has not been vigorously enforced (Suter, 1993) . Reducing noise in the environment through engineering controls is the first line of defense. These controls include reducing noise at its source, blocking its path, or protecting the receiver with an enclosure. Administrative controls, such as rotating workers to reduce time of exposure to high noise, have been used as well. However, this is a less desirable approach because increasing the numbers of employees exposed to noise may result in many more workers losing their hearing ability.
Monitoring Noise Levels
Noise levels in excess of 85 dB(A) must be monitored. This is done either through area monitoring or personal monitoring, the latter required when workers may be exposed to variable noise levels. "All continuous, intermittent, and impulsive sound levels from 80 dB to 130 dB" (OSHA, 1983) must be included in the calculation of worker exposure or dose. Area monitoring, rather than personal monitoring, is the more typical approach used in the worksite.
Notification of Employees and Observation of Monitoring
To meet the requirement of notifying employees of noise levels, results of area monitoring are often posted in the worksite. However, these data are typically presented by sections of the worksite without interpretation of the meaning of the level. As a result, this report may not adequately reflect exposure for workers who move from one area to another as they work. Monitoring is often performed by an outside contractor and the requirement for observation by employees is achieved by their observation of the contractor 's monitoring equipment as the data are being collected in various areas of the worksite. AUGUST 1997, VOL. 45 Suter (1993) . HPDs = hearing protection devices.
Audiometric Testing
"Under most circumstances, a baseline audiogram must be performed within the first 6 months of an employee's first exposure to noise levels of 85 dB(A) or above" (Suter, 1993) . To obtain a baseline test not contaminated by effects of noise exposure, the employee must not have been exposed to noise for the previous 14 hours.
An annual audiometric test must be made available to industrial workers whose TWAs equal or exceed 85 dB(A). Audiometric testing is a valuable diagnostic tool. However, it usually is not performed unless OSHA man-dated. Identifying temporary threshold shifts (ITS) in hearing (an average of 10 decibels of change from the baseline audiogram at the 2000, 3000, and 4000 Hz level in either ear) documents that deleterious noise exposure has occurred (Royster, 1990) . This temporary shift is indicative of auditory fatigue, with recovery occurring within 16 hours. The annual audiogram may be administered at any time during the work shift, but to find temporary threshold shifts, audiometric testing should be performed late in the work shifts after noise exposure (Suter, 1993) .
Hearing losses are also identified through audiometric testing. Standard threshold shifts (STS) are non-temporary changes in the acuity of hearing that persist upon retest, indicating a permanent change in acuity. Confusion exists about levels for hearing loss recordability. Prior to 1991, an STS of 10 dB or more at 2000,3000, and 4000 Hz was expected to be recorded on the OSHA 200 log. Then in 1991, an OSHA memo indicated citations would be issued for failure to record an STS of an average of 25 dB or more at the same frequencies. In 1996, OSHA proposed a rule for reporting an average STS of 15 dB or more at these frequencies, with adjustment for presbycusis allowed. Unless superseded by more stringent state requirements, OSHA's 1991 memo remains in effect until a new rule is adopted. Many experts believe that presbycusis adjustments in baseline hearing should not be made, and that hearing losses of 10 dB or less, rather than 15 or 25 dB, should be recorded. Several changes are being considered for the determination of hearing impairment included in the NIOSH CD (Berger, 1996; Staff, 1996) and in the American Industrial Hygiene Association Position Statement on Criteria for Recording Hearing Loss on the OSHA Form 300 (AIHA, 1996) . As these are only proposed at this time, they are not detailed here.
Noise induced hearing loss is characterized on the audiometric test by generally good hearing in both ears at the lower frequencies with a steep decline in hearing ability at the mid or higher frequencies (4000 and 6000 Hz). This type of sensorineural hearing loss may be caused or aggravated by noise exposures, but determining causation requires careful analysis by audiologists and health care physicians (Gasaway, 1985) .
Tinnitus reported by the worker is an important symptom . It may be an early warning signal of damage to the hair cells or an indicator of the individual's susceptibility to damage from noise.
Hearing Protection Devices
Both the older Walsh-Healey Standard and the more recent Hearing Conservation Amendment specify that 400 employers must provide hearing protection devices (HPDs) to employees exposed to TWAs of 85 dB(A) or higher and that workers must use them when noise levels are at or exceed PELs. Occluding the sound entering the ear canal through the use of ear muffs, canal caps (semiaurals), or through an earplug inserted into the ear canal reduces the level of noise transmitted to the cochlea, mechanically providing passive protection. A variety of sizes and designs are available for each of these three types of HPDs. In addition, custom molded ear plugs can be made for individual workers. Although these are more expensive, they insure a good fit. A recent publication (Casali, 1996) presents detailed information regarding technological advancements in HPDs and is recommended for those interested in understanding the multiple new options available to improve communication capabilities and signal reception. These passive protector systems include frequency sensitive, adjustable attenuation, amplitude sensitive, and uniform attenuation HPDs.
Hearing protection devices that provide active noise reduction (ANR) first appeared in 1957, but recent technological improvements have made them more economical and readily available (Casali, 1996) . Active noise reduction is accomplished by electronically canceling the noise at the ear with out of phase sound waves. These electronic components have been added to earplugs, canal caps, ear muffs, and noise attenuating helmets to offer two distinct types of systems: hearing protection only, or one or two way radio communications, as well as hearing protection (Casali, 1996) .
Attenuation of HPDs
In general, the greatest passive protection occurs through simultaneous use of both ear muffs and ear plugs. Ear muffs alone tend to offer better protection than ear plugs alone. However, a wide range of attenuation exists among the many different types of muffs and plugs. Based on the results of an Australian study (Gasaway, 1985) , at the very lowest frequencies, between 125 and 250 Hz, ear plugs have higher attenuation. However, for the remainder of the frequencies, 500, 1000, 2000, 4000, 6000, 8000, ear muffs have the highest attenuation (Gasaway, 1985) .
Manufacturers of passive HPDs test them in laboratories following federal guidelines to determine a noise reduction rating (NRR)-the number of decibels reduced through the use of the device. It is important to note that the NRRs printed on package labels are obtained in a controlled laboratory setting and are usually considerably higher than the level of protection occurring at the worksite. In general, too much reliance is placed on the reported NRR for the devices when decisions are made for pur-chasing HPDs. What is most important is that HPDs are used correctly, and are used 100% of the time workers are exposed to high noise levels, rather than the NRR of the reported number of decibels of reduction in noise due to the devices. Further, the inconsistencies and overestimations of NRRs by the manufacturers substantiate the need for worksite evaluation of attenuation of specific HPDs. As previously indicated, worksite evaluation is already a component of the OSHA Hearing Conservation Programs. However, few worksites actually test attenuation levels in the workplace.
Active noise reduction (ANR) HPDs are typically most effective with low frequency noise. :but currently there are no standardized methods or federal guidelines for testing and labeling the attenuation of these HPDs (Casali, 1996) . Because ANR HPDs are considerably more expensive and require more careful handling and maintenance than passive HPDs, at this time the ANRs should probably be considered only when problems exist with communication or signal reception when using passive HPDs. However, because this technology is rapidly developing and changing, it is important to be alert to new options in HPDs.
To summarize regarding NRRs: • They should not be used as the major criteria for the selection of devices because of the concern regarding accuracy of NRRs . • The design and fit of the HPD for the individual worker is one of the determinants of the actual attenuation . • The attenuation may vary depending on the frequency of the noise levels. Workers' complaints regarding ability to hear necessary sounds, such as speech or warning signals, while wearing HPDs have some foundation in fact. While this is a concern for all workers, it is a larger problem for those who have already lost some hearing acuity. There are several solutions to this problem: • Select an HPD with a lower NRR.
• Select an HPD that attenuates fairly evenly across the frequency spectrums. • Use communication headsets or active noise reduction HPDs. Communication headsets have a receiver built into the ear muff to provide radio communication (FM, infrared, or wired systems) while the muff attenuates the noise (Suter, 1993) . Active noise reduction, a newer technology recently more available, cancels noise by electronic matching with its mirror image noise. This technology is designed primarily to reduce low frequency noise, enabling the hearing of speech and warning signals at higher frequencies (Lebovics, 1995) . Communication AUGUST 1997, VOL. 45, NO.8 headsets and active noise reduction , although more expensive, may well pay for themselves through reductions in hearing loss and accidents (Suter, 1993) .
Training Programs
According to the OSHA standard, workers whose TWAs are 85 dB(A) or higher are mandated to have annual training about the effects of noise on hearing, purposes, and procedures of audiometric testing, the purpose of hearing protectors, the advantages, disadvantages, and attenuation of various types, and instructions on selection, fit, use, and care of HPDs. In practice, this training is conducted using a variety of approaches and may not thoroughly cover all the specified topics. Information about practical tips for fitting hearing protection is included in the Appendix (Royster, 1994) .
Records
OSHA requires records of: • Noise exposure for each employee for at least 2 years. • Audiometric tests throughout employment. • Calibration of audiometric equipment.
The employee must be notified if an STS is found. Although not explicitly stated, it is advisable that it be in written form. Also not specifically stated as a requirement, but advisable , are records of advice regarding HPD use, training sessions given, and program effectiveness (Suter, 1993) .
Confusion exists regarding recording of an STS on the OSHA 200 log due to revisions in the Standard and changes in enforcement by OSHA. At a minimum, STS of 25 dB(A) must be recorded (1991 policy). However, to be safe, a 10 dB STS should be recorded as specified in the 1981 Standard (Suter, 1993) .
WORKERS' USE OF HPDs
It would be preferable to reduce the overall noise levels through engineering or administrative controls, but that is not always feasible. When these methods are not feasible or successful in reducing noise to an acceptable level, it is essential that workers use HPDs. When high noise levels cannot be eliminated through engineering . controls, the onus falls on the individual worker to use HPDs to reduce noise exposure . However, workers are not consistently wearing hearing protection. Lusk (1996c) has assessed use of HPDs. Even though the factory workers studied were part of an OSHA mandated HCP and required by OSHA regulations and corporate policy to wear hearing protection while at work, they did not consistently do so. The average use of HPDs when in high noise for factory workers by job category was: blue collar 72.7%; skilled trades 44.1%; and white collar 49.5% (Lusk, 1996c) . Obviously these percentages should be 100% for all groups, that is, wearing hearing protection constantly while in the high noise areas. A subsequent study of construction workers, for whom an HCP is not mandated, also documented inadequate use of HPDs (Lusk, 1997) . Data were collected from three groups of construction workers which showed that they had very inconsistent use of HPDs while in high noise areas. Average use for plumbers/pipefitters was 31.5%, carpenters 17.7%, and operating engineers 49.3% (Lusk, In press) . Clearly, this level of HPD use will not protect against noise induced hearing loss.
PREDICTORS OF HPD USE
Little is known about the factors influencing use of HPDs because most of the research has focused on the efficacy of the hearing protection devices, rather on the factors influencing workers use or non use of them. Lusk (1989) initiated a program of research to identify the factors influencing workers' use of HPDs. The Health Promotion Model provided the conceptual basis for the identification of the most important predictors of factory workers' use of HPDs (Lusk, 1994 (Lusk, , 1995 . Significant predictors in the Model accounted for over half of the variance in factory workers' use of HPDs. Based on the results of that study, those factory workers who saw value in using HPDs, fewer barriers to using them, and who felt confident about their ability to use them correctly had higher levels of use.
The same three important predictors for factory workers were also found for construction workers (Lusk, 1997) . In addition, a perception of exposure to higher levels of noise was an important predictor of increased use. Although not tested with factory workers, another factor-interpersonal influences on use of hearing protection-was a very important predictor in construction workers' use of HPDs. Specifically, if construction workers perceived that their coworkers and supervisors were using hearing protection, then this had a very strong influence on their increased use.
Interventions based on these most important predictors have been developed and are being tested (Lusk, 1993 (Lusk, , 1995 . These interventions focus on such aspects as reducing negative perceptions in regard to fit and dis" comfort of HPDs and increasing perceptions of the positive outcomes of use and confidence in the ability to correctly use the HPDs. Further, practice sessions and individual opportunities to try different types of hearing protection are also provided.
A recently initiated project will test an interactive, multimedia, individually tailored intervention with factory workers (Lusk, 1996a) . While this computerized intervention will automatically elicit information from individual workers regarding the factors influencing their use and provide additional information and persuasion for their increased use of hearing protection, this can also be accomplished by occupational health nurses interacting with workers. The following discussion suggests specific approaches occupational health nurses may use to increase use of hearing protection equipment.
OCCUPATIONAL HEALTH NURSING ROLE
The role for the occupational health nurse is threefold:
• To interact with the individual workers in the review of audiometric test results and in promotion of use of hearing protection devices. • To maintain records of all activities conducted as part of an HCP. • To collaborate with other occupational health and safety professionals to identify the level and source of noise, promote administrative and engineering controls to reduce noise exposures, and provide education regarding effects of noise exposure to workers.
Interaction with Workers
The optimal approach for use of the audiogram is to review it immediately after the test is conducted. Royster (1990) suggested that audiometric tests provide a "teachable moment" by stimulating interest in hearing acuity and opening minds to approaches to retain hearing acuity and prevent loss. Therefore, immediately following the audiometric test, the occupational health nurse should review the results with the worker, compliment the worker if there has been no decrement in hearing acuity, ascertain use of hearing protection devices, reinforce appropriate use, and encourage increased use as necessary. Further, if use is not 100% of the time when exposed to high noise, the occupational health nurse should elicit the factors that interfere with the worker's use, assess confidence in ability to correctly use the hearing protection devices, and assist in assessing fit of the devices normally used, and/or explore other types of HPDs as needed. An excellent article by Royster (1994) (reprinted in the Appendix) gives detailed and practical suggestions for ensuring a good fit of earmuffs and ear plugs and for testing the adequacy of the seal. As previously noted, noise reduction, or the actual number of decibels of noise exposure reduced through the use of HPDs is not the most criti-health nurse's knowledge about hearing test results, areas targeted for engineering and, potentially, administrative controls, can be identified.
Noise Exposures Effects on Hearing and Prevention of Noise Induced
Hearing Loss. Lusk, S.L. cal factor. Rather, it is the constant use of HPDs by workers that will prevent the deleterious effects of exposure to noise. Constant use is more likely to occur with a good and comfortable fit. A worker's report of tinnitus also represents an excellent "teachable moment." Because tinnitus is annoying, it may help to motivate workers to increase use of HPDs. Further, when they are made aware of the fact that it can be either or both an early warning signal or an indication of individual susceptibility to damage from noise, use of HPDs will likely improve.
Employers are required to notify employees about the noise levels in their work settings. Noise surveillance data may be posted on a bulletin board and workers may require some interpretation of the surveillance results to understand the meaning of the noise levels. The occupational health nurse has unique and excellent opportunities to interact with workers on multiple occasions to promote use of hearing protection equipment.
In addition to the work with the individual employee, the occupational health nurse needs to review results of the implementation of the OSHA mandated HCP, providing it is mandated for the workplace. For example, a review of the mandatory noise surveillance data for the worksite will provide useful information about the higher noise operations by departments, which can then be linked with audiometric tests results of workers.
Recordkeeping
Recordkeeping is another significant component of the HCP. Record maintenance of noise exposure, audiometric testing, and audiometric calibrations are often the primary responsibility of the occupational health nurse. Although OSHA specifically identifies records of exposure, audiometric testing, and calibration to document compliance with the entire HCP, records should be maintained regarding provision of HPDs, evaluation of attenuation, and provision of training. Even if the nurse does not assume the major responsibility for these activities, it is important that the occupational health nurse insures these requirements are met.
Collaboration
Many opportunities exist for collaboration with other occupational health and safety team members. Certainly the worksite location of workers with new threshold shifts needs to be noted and communicated to the appropriate occupational health and safety team members. Changes may have been made in the equipment which could have caused unanticipated increases in noise levels, requiring adjustments. Based on the occupational 1.
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Over 30 million workers are exposed to hazardous noise on the worksite. Continual exposure to high noise levels damages and destroys hearing cells within the ear, making noise induced hearing loss an irreversible impairment.
Hearing conservation programs are required by law for workers in industrial settings where noise exposures equal or exceed 85 dB(A). Many workers, such as those in construction and agricultural industries, are not covered by these programs.
Reducing noise through engineering or administrative controls is the first line of defense. When this is not sufficient, two types of personal hearing protection devices are available: passive hearing protection devices such as ear muffs, canal caps, and ear plugs, which reduce noise mechanically; and active noise reduction devices, which electronically cancel sound waves at the ear.
The most effective hearing protection devices are those with which the worker is most comfortable will use 100% of the time. The occupational health nurse has a major role in promoting increased use of hearing protection devices through continued contact with workers, administrators, and safety personnel.
OSHA HCPs mandate training programs. In some instances these will be conducted and/or coordinated by occupational health nurses, in others by industrial hygiene or safety personnel. In many settings the safety personnel provide the formal education regarding noise and HPDs as part of "safety talks." If this is the case, and the occupational health nurse does not have the responsibility for the formal education of workers to meet the requirements of the HCP, it is important for the nurse to collaborate with the team members providing the educational programs. Ideally, the formal education program is augmented by individual counseling at the time of the audiogram.
As previously noted, based on the author's knowledge, most worksites are not testing the attenuation of specific hearing protectors in their worksite. Effectiveness does vary by type and frequency of noise, but most worksites are not conducting this test. Obviously, it would be advisable to do so to select the most effective hearing protection equipment. Further, if the occupational health nurse is not selecting the HPDs used in the worksite, input into those decisions is critical. To assure proper fit and HPD comfort for each individual worker, a variety of types should be made available. The occupational health nurse can provide feedback regarding workers' needs and perceptions. These should be the deciding factors, rather than reliance exclusively on NRRs or small differences in costs of HPDs.
CONCLUSION
Exposure to high levels of noise has many deleterious effects. It causes noise induced hearing loss-an irreversible impairment which negatively affects quality of life and safety for the affected individual and for those around them. Further, although not as well documented , it is thought that high levels of noise may also cause cardiovascular reactivity, increased stress and tension, and, potentially, increased injuries.
When engineering and administrative controls are not sufficient to reduce the noise to a non-harmful level, workers must use hearing protection devices to reduce their exposure to noise. Several types of hearing protection devices are available. The most effective device in preventing harmful effects is one the worker is most comfortable with and, therefore, will use 100% of the time. Selection of hearing protection devices should not be based exclusively on noise reduction ratings, but instead on the features most important to insure workers' use.
Through serial contacts with workers, the occupational health nurse has a major role in promoting increased use of hearing protection devices. In collaboration with other occupational health and safety team mem-404 bers, it is possible to eradicate occupational noise induced hearing loss. However, this will be accomplished only through effective engineering controls and constant use of HPDs by workers when needed.
"-APPENDIX

Practical Tips for Fitting Hearing Protection
by Julia Doswell Royster, PhD, and Larry H. Royster, PhD Hearing conservationists often complain that the real world performance of hearing protectors just doesn't live up to their expectations or the claims of salesmen. Hearing protection devices (HPDs) aren't as comfortable as anticipated or promised, and the real world attenuation falls short of that implied by the noise reduction rating (NRR). Indeed, purchasers and wearers of hearing protection need to pressure manufacturers for more meaningful product performance information, as well as for products better able to solve consumers' real problems in wearing HPDs, such as interference with on the job communication.
However, at the same time, we also must recognize that the hearing conservationists who issue hearing protection also are partly responsible for lowering the HPD's performance if they neglect to choose an appropriate product, ensuring that it fits the employee well, and training the employee to use it consistently. Of course, wearers also may be at fault by failing to follow proper wearing practices. And too often they have never received the needed fitting and training. For hearing protectors to work well for an employee population, a team effort is necessary. If devices are simply made available without individual fitting and instruction, or without employee input regarding product selection, then adequate protection is difficult to achieve.
Choosing an Appropriate Device
Everyone knows that the ultimate test of an HPD is comfort. No matter how desirable a device is from other standpoints, if it isn't comfortable to the employee, he or she won't wear it.
Because comfort is an individual judgment, a variety of alternative HPDs should be stocked to accommodate personal preferences and needs. The recommended selection options include two types of preformed earplugs (including one that comes in discrete sizes), two types of user formable earplugs, two earmuffs, and a semiinsert. Other practical considerations also are important. For example, evaluate the employee's work situation to select a device that will make wearing HPDs as convenient as possible.
Another example (one that is becoming a major concern) is to consider the employee's degree of pre-existing hearing loss when selecting HPDs. A hearing impaired worker may be unable to detect job related communication, machinery sound cues-or even warning sounds-if wearing HPDs with too much attenuation.
Fitting Earmuffs
Although earmuffs can successfully fit a large percentage of hearing protector wearers, the fitter must still check the fit of each individual. Does the headband extend or retract enough to position the muff cups securely over the pinnas? Can the entire pinna comfortably fit inside the muff cup? Does the cup's cushion seal against the head all the way around the ear, or are there excessive gaps caused by bone structure or by bulky eyeglasses?
If gaps or leaks are present, then wearing earmuffs can actually increase the level of noise reaching the eardrum. This resonance effect may occur in noise environments with strong, pure tones in the range of 125-259 Hz (from sound sources such as large fans for HVAC or product moving purposes). To increase success with issuing earmuffs, be sure to stock models with easily adjustable headbands, adequately large cups, and good cushioning.
Fitting Earplugs or Semi-Inserts
Ear Canal Examination-Before fitting earplugs or semi-insert HPDs, examine the employee's ear canals to determine whether any obvious indications of possible medical ear problems are present and whether there is excess cerumen that might be pushed further into the canal by the insertion of an earplug (in a few instances complete blockage of the ear canal have occurred). If these conditions exist, then the employee should wear earmuffs until the problem is corrected.
Examining the ear also enables the fitter to tell the employee two additional vital pieces of information: the direction and angle of the ear canal (so the wearer will know which direction to start inserting the earplug), and which way (if any) to pull the pinna to straighten the canal for easier insertion of a plug. The fitter may find it helpful to use a sizing tool to estimate the size of plug needed. Although an experienced fitter can "eyeball" canal size, manipulating the tool may also help the employee understand which way the ear canal goes.
Trial Fitting Attempts-The best way for the fitter to judge whether an earplug adequately fits an individual is to try it in each ear. Using the estimated correct size (or the next larger size if unsure), the fitter should insert the plug and determine whether it seals the canal. Some simple ways that usually work to judge if an adequate seal has been achieved are:
• The Tug Test. The fitter can tug very gently back and forth on the handle of the earplug. If there is resistance and if the employee feels a sensation of gentle suction on the eardrum, the earplug has probably achieved a seal. In contrast, if it pulls out easily, it is not sealed.
• The Hum Test. After the fitter has inserted just one earplug, ask the employee to hum or to say "ahhh." If one ear is properly sealed (creating the occlusion effect), then the sound of the user's voice will seem louder in the plugged ear. If the employee does not get this sensation, then the canal is probably not adequately sealed. Sealing both canals at the same time will cause the voice to be perceived equally in both ears, or in the center of the head.
If the first type of earplug tried does not seal both ear canals easily and comfortably, the fitter should try alternative styles or sizes until a satisfactory fit is found with acceptable comfort. Some wearers (perhaps 5% to 10%) will require different sizes of plugs in each ear. Be sure to stock HPDs that offer suitable size choices for your plant's population.
• The Loudness Test. Another way the wearer can assess HPD fit requires the presence of noise. Ask the employee to try this back at the noisy workstation. With plugs inserted in both ears, place both hands cupped over the ears; the employee should not notice any further reduction of the perceived loudness if the HPDs were properly sealed. Conversely, the perceived noise level should increase markedly as the user breaks the seal of each earplug or raises each cup of earmuffs.
Attaining a Proper Seal
No matter how perfect a fit the issuer believes he or she has obtained, the device is not a good choice unless the employee himself can achieve a seal with it. Hands-on guided practice is the only way to teach the employee how to use the HPD. For earmuffs, this is fairly straightforward. For earplugs or semi-inserts, however, there is more to teach.
First, the fitter can re-insert the device, explaining each step of the process. It is helpful to point out again to the wearer whether pulling the pinna in a certain direction helps straighten the canal and which direction to aim the plug. It may help the employee to watch in a mirror or to watch the fitter inserting the same type of HPD into his or her own ear. Now the employee must practice inserting the HPD on his or her own (with coaching) in both ears to let the fitter check the results. Keep practicing until the employee successfully attains a seal. If the individual cannot achieve a seal with the selected device, then try an alternative product.
Making the Adjustment
Before concluding the HPD-issuing process, the fitter should tell the employee to return for an alternative device if the selected HPD is not practical or comfortable in daily use.
Wearing HPDs does require some getting used to, just as with new glasses or new shoes. For example, some new wearers experience itchy ear canals during the first week or two. If the employee is warned to expect some minor discomfort, he or she may be more willing to persevere through the break-in period.
HPD user training must include instructions for reseating the device during the day to ensure that a seal is maintained, cleaning the device, obtaining replacements, and recognizing when replacements are needed (based on length of use or signs of deterioration). Also, caution employees not to modify their HPDs, because alterations reduce their attenuation. The HPD issuing process is not complete until the fitter has recorded the type and size of product fitted to each ear of the employee and documented the training.
By working with the employee to find a device that the individual can wear consistently and correctly, the issuer greatly increases the probability that the hearing conservation program will succeed in preventing noise induced hearing loss both on and off the job. Berger, E.H. (1992) . Dr. Julia Royster is President, Environmental Noise Consultants Inc., Raleigh, NC. Dr. Larry Royster is Professor, Department of Mechanical and Aerospace Engineering, North Carolina State University, Raleigh, NC. Reprinted by permission of the American Industrial Hygiene Association,from Hearing Instruments (1994), 45(2). 
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